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(54) Shallow trench isolation structure for a bipolar transistor 



(57) A semiconductor device has an isolation area 
having a shallow trench isolation (STI) structure for iso- 
lating device areas for transistor elements. The isolation 
area for a bipolar transistor (12) has a first annular 
trench (20a) encircling a n-type-collector well (22), a 
second annular trench (20b) encircling the first annular 
trench (20a) and an annular p-type diffused region (21) 



disposed between the first annular trench (20a) and the 
second annular trench (20b) while in contact with the 
annular trenches (20a, 20b). The plurality of isolation 
trenches (20a, 20b) in a single isolation area prevents a 
dishing portion of the substrate after a CMP process 
without causing a short-circuit failure. 
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D scription 

BACKGROUND OF THE INVENTION 

(a) Field of the Invention 

[0001] The present invention relates to a semicon- 
ductor device having a shallow trench isolation (STI) 
structure and, more particularly, to a STI structure for 
isolation of bipolar transistors in a silicon semiconductor 
device. 

(b) Description of the Related Art 

[0002] Bipolar transistors have a somewhat compli- 
cated structure and fabricated by a more complicated 
process compared to MOSFETs. The bipolar transis- 
tors, however, have several advantages of higher oper- 
ational speed, higher current driveability and low noise 
characteristic, and thus are used in a LSI as important 
constituent elements. For example, a BiCMOS device 
wherein bipolar transistors and MOSFETs are inte- 
grated in a single chip has advantages of both the bipo- 
lar transistors and the CMOSFETs, and thus widely 
used in a variety of applications. 

[0003] Fig. 1 shows a conventional semiconductor 
device including bipolar transistors separated by a 
LOCOS technique, and Fig. 2 is a sectional view taken 
along line ll-ll in Fig. 1. The semiconductor device 100 
is fabricated on a p-type silicon substrate (p-substrate) 
1 02, and includes a pair of NPN bipolar transistors 1 04A 
and 104B, which are disposed in a plane symmetry with 
respect to a plane passing through the center of a p-well 
122. 

[0004] Each of the pair of bipolar transistors 104A 
and 104B includes an n-well 107A or 107B constituting 
a collector region, a prtype intrinsic base region 108A or 
108B disposed on the top portion of the n-well 107A or 
1 07B, an nMype emitter region 1 1 0A or 1 1 0B disposed 
on the intrinsic base region 1 08A or 1 08B, and a p + -type 
extrinsic base region 112A or 112B disposed on the 
intrinsic base region 1 08A or 1 08B adjacent to the emit- 
ter region 1 1 0A or 1 1 0B. 

[0005] An n + -type collector contact region 1 14A or 
1 1 4B is disposed in the top portion of the n-well 1 07A or 
107B, and is electrically isolated from the extrinsic base 
region 112A or 112B by the LOCOS film 106. In other 
words, the intrinsic base region 108A or 108B, the emit- 
ter region 11 OA or 11 0B and the extrinsic base region 
1 12A or 1 12B are electrically isolated from the collector 
contact region 1 1 4A or 1 1 4B by the LOCOS film 1 06. 
[0006] The extrinsic base region 1 12A or 112B, the 
emitter region 11 OA or 11 OB and the collector contact 
region 1 14A or 1 14B are provided with a base electrode 
1 1 6A or 1 1 6B, an emitter electrode 1 1 8A or 1 1 8B and a 
collector electrode 120A or 120B, respectively. The 
base electrode 116A or 116B and the collector elec- 
trode 120A or 120B are made of silicide layers such as 
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including CoSi 2 and TiSi 2 , whereas the emitter elec- 
trode 1 18A or 1 18B has a two-layer structure including 
a polysilicon film 118a and a silicon oxide film 1 18b. A 
pair of side walls 1 18c made of silicon oxide film are dis- 
5 posed on respective side surfaces of the two- layer 
structure. 

[0007] The p-well 122 is disposed right under the 
LOCOS film 106 for encircling the n-well 107A or 107B 
and isolating the n-wells 107A and 107B from each 

w other by using the isolation function of a p-n junction. 
[0008] With the development of finer patterning and 
higher integration of the semiconductor devices, bipolar 
transistors and MOSFETs are also requested to have 
finer patterns. This also requires a finer isolation struc- 

15 ture, which the LOCOS technique cannot afford due to 
the presence of a bird's beak in the LOCOS film. A STI 
structure which is expected to meet the finer patterning 
is thus noticed in place of using the LOCOS structure. 
[0009] Figs. 3A to 3F show a fabrication process for 

20 the STI structure in a semiconductor device. In Fig. 3A, 
a thin Si0 2 film (not shown) is first formed on a silicon 
substrate 1 30, followed by deposition of a Si 3 N 4 film 1 32 
thereon by a CVD technique. Then, a photoresist film is 
formed on the Si 3 N 4 film 132 and subjected to pattern- 

25 ing to form an etching mask 134 having openings for 
isolation trenches. The Si 3 N 4 film 132 is then etched 
using the etching mask 134 to form a Si 3 N 4 hard mask 
136, as shown in Fig. 3B. The function of the thin Si0 2 
film is to prevent damages from occurring on the main 

30 surface of the silicon substrate 130 due to the stress by 
the Si 3 N 4 film 132. Thereafter, the silicon substrate is 
subjected to a dry etching using the Si 3 N 4 hard mask 
136 to form shallow isolation trenches 138, as shown in 
Fig. 3C. 

35 [0010] Subsequently, an insulator film, for example, 
a Si0 2 film 140 is deposited on the entire surface includ- 
ing the surfaces of the hard mask 136 and the silicon 
substrate 130 to fill the shallow trenches 138, as shown 
in Hg. 3D. In an alternative, the insulator film may be a 

40 TEOS-Si0 2 film deposited by a TEOS-CVD technique. 
[0011] The Si0 2 film 140 is then subjected to a 
CMP process until the Si 3 N 4 hard mask 136 is exposed, 
as shown in Fig. 3E. In this process, the Si 3 N 4 film has 
a lower polishing rate compared to the Si0 2 film and 

45 thus functions as a stop layer for the polishing. 

[0012] The Si 3 N 4 hard mask 136 is then removed 
by etching to obtain the STI structure shown in Fig. 3F, 
wherein device areas are isolated from on another by 
the shallow isolation trenches 142. 

so [0013] Consolidated LSIs, wherein an analog signal 
circuit and a digital signal circuit are integrated in a sin- 
gle chip, are more and more used as the semiconductor 
devices for use in cellular phones etc. In general, the 
area for the analog signal circuit has a fewer number of 

55 transistor elements compared to the area for the digital 
signal circuit. Thus, the transistor elements are more 
sparsely disposed in the analog circuit area compared 
to the transistor elements in the digital circuit area. 
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[0014] The polishing rate of the CMP process g n- 
erally depends on the density of the underlying pattern. 
More specifically, an area of the underlying pattern hav- 
ing a higher-density convex portions of the silicon sub- 
strate, which is not the subject area of the CMP process 5 
itself, has a lower polishing rate compared to another 
area of the underlying pattern having a lower-density 
convex portions of the silicon substrate. 

[0015] Accordingly, as shown in Fig. 4A, in the con- 
ventional STI structure fabricated by using the CMP 10 
process, the isolation area of the silicon substrate hav- 
ing the lower-density convex portions due to the pres- 
ence of a wider isolation trench therein may have a 
dishing portion (or depression) in the isolation area after 
the CMP process. As a result, after the removal of the 15 
Si 3 N 4 film, as shown in Rg. 4B, the silicon substrate 
may have the dishing portion in the isolation area having 
a wider trench or lower-density concave portions. This 
causes a problem of an uneven top surface or a step of 
the silicon substrate, wherein the isolation area is lower 20 
than the device area which has higher-density convex 
portions. 

[0016] Referring to Fig. 5A which shows the detail 
of the portion of the NPN bipolar transistor 104A, the 
step formed by the dishing as described above resides 25 
between the wider shallow trench for the isolation area 
1 06 and the device area for the bipolar transistor 1 04A. 
This causes an exposure of a part of the n-well 107A 
underlying the p + -type extrinsic base region 11 2 A at the 
step after the removal of the silicon oxide film on the dif- 30 
fused region for formation of the siiicide layer on the sil- 
icon substrate, as shown in Fig. 5 A. 
[0017] After the base electrode 1 1 6 A made of a sii- 
icide such as CoSi 2 is formed on the extrinsic base 
region 1 1 2A, the base electrode 1 1 6A may be in short- 35 
circuit with the n-well 107A if the height of the dishing 
portion is large. This applies to both the bipolar transis- 
tors 104A and 104B in Fig. 2, and degrades the yield 
rate of the products. 

[0018] As for the MOSFET, the dishing portion may 40 
cause formation of a parasitic transistor at the step por- 
tion if the gate electrode extends from the device area 
along the step toward the dishing portion, as illustrated 
in Rg. SB.This causes degradation of transistor charac- 
teristics of the MOSFET. 45 

SUMMARY OF THE INVENTION 

[0019] In view of the above, it is an object of the 
present invention to provide a STI structure in a semi- so 
conductor device, which is substantially free from the 
dishing portion of the isolation area to allow the transis- 
tor elements therein to have excellent characteristics by 
providing an isolation area having high -density convex 
portions during a CMP process. 55 
[0020] The present invention provides a semicon- 
ductor device including a silicon substrate, and a bipolar 
transistor having a collector well having a first conduc- 
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tivity-type, an intrinsic having a second conductivity- 
type and received in the collector well and an mitt r 
region having the first conductivity-type and received in 
the intrinsic base region, a first annular isolation trench 
encircling the collector well, a second annular isolation 
trench encircling the first annular isolation trench, and 
an annular diffused region disposed between the first 
annular isolation trench and the second isolation trench 
while being in contact with the first and second isolation 
trenches. 

[0021] In accordance with the semiconductor 
device of the present invention, by providing the first and 
second annular isolation trenches and annular diffused 
region sandwiched therebetween in an isolation area, 
the semiconductor device is free from a dishing portion 
in the isolation area due to high-density convex portions 
of the silicon substrate, whereby a transistor element 
isolated by the isolation area has excellent transistor 
characteristics. The second annular isolation trench 
may be associated with third and fourth annular isola- 
tion trenches, for example, encircling the second annu- 
lar trench. The term "annular trench" as used herein 
means that a stripe trench is of an endless shape. It is 
not necessary that the outer or inner edge of the annu- 
lar trench form a circle, and the outer or inner edge may 
form a rectangle or a square. 

[0022] The above and other objects, features and 
advantages of the present invention will be more appar- 
ent from the following description, referring to the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] 

Rg. 1 is a top plan view of a semiconductor device 
having bipolar transistors isolated by LOCOS film. 
Rg. 2 is a sectional view of the bipolar transistors of 
Rg. 1 taken along line ll-ll in Fig. 1. 
Rgs. 3A to 3F are sectional views of a semiconduc- 
tor device having a STI structure for consecutively 
showing the fabrication steps thereof. 
Rgs. 4A and 4B are sectional views of the STI 
structure shown in Rgs. 3A to 3F for showing the 
defect of a dishing portion caused by CMP. 
Rgs. 5A and 5B are detailed, partial sectional views 
of the shallow trench in the STI structure for show- 
ing the cause of the degradation in the transistor 
characteristics. 

Rg. 6A is atop plan view of a comparative example 
of a semiconductor device having an improved STI 
structure, and Fig. 6B is a sectional view thereof. 
Rg. 7 is a top plan view of the semiconductor 
device of Rgs. 6 A and 6B for showing the problem 
therein. 

Rg. 8 is a sectional view of the semiconductor 
device of Fig. 7 for showing the problem therein. 
Rg. 9 is a top plan view of a semiconductor device 
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having a STI structure according to a first embodi- 
ment of the pres nt invention. 

Fig. 10 is a sectional view of the semiconductor 
device of Fig. 9. 

Figs. 11A to 11 F are sectional views of the semi- 
conductor device of the first embodiment for show- 
ing consecutive steps of fabrication thereof. 
Fig. 12 is a top plan view of a semiconductor device 
having a STI structure according to a second 
embodiment of the present invention. 
Fig. 13 is a sectional view of the semiconductor 
device of Fig. 12. 

Fig. 14 is a top plan view of a semiconductor device 
having a STI structure according to a third embodi- 
ment of the present invention. 
Fig. 15 is a sectional view of the semiconductor 
device of Fig. 14. 

Fig. 1 6 is a top plan view of a semiconductor device 
having a STI structure according to a fourth embod- 
iment of the present invention. 

PREFERRED EMBODIMENT OF THE INVENTION 

[0024] Before describing embodiments of the 
present invention, the principle of the present invention 
will be described for a better understanding of the 
present invention. 

[0025] The present inventor noticed that the dishing 
portion is formed by the difference in the polishing rate 
which depends on the underlying pattern. The dishing 
portion is generally formed in the isolation area wherein 
the convex portions of the silicon substrate are sparse. 
The present inventor thus conceived that the isolation 
area should have higher-density convex portions, which 
can be achieved by providing a plurality of shallow 
trenches having a smaller width in a single isolation 
area, without increasing the occupied area for the isola- 
tion area. 

[0026] Patent Publication JP-A-1 0-1 73035 
describes a semiconductor device having isolation 
areas each formed by a plurality of shallow isolation 
trenches having a width equal to the width of the shal- 
low isolation trenches formed in the device area for iso- 
lating adjacent transistor elements. Dummy diffused 
regions are formed between two of the shallow trenches 
in the isolation areas. 

[0027] Referring to Figs. 6A and 6B showing an 
example of the structure described in the above publica- 
tion, the isolation area 203 includes three shallow 
trenches 204 and two dummy diffused regions 205 
between each two of the shallow trenches 203. The 
shallow trench 204 in the isolation area 203 has a width 
equal to the width of the shallow isolation trench 204 
disposed in the device area 202 for isolation of transis- 
tor elements (MOSFETs). It is stated that this STI struc- 
ture has an advantage in that the density of the convex 
portions is equal between the device area 202 and the 
isolation area 203, and thus the dishing portion is not 
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formed in the isolation area 203 after the CMP process. 
The dummy diffused region 205 has no specific function 
differently from the diffused regions 208 which consti- 
tute a MOSFET in association with a gate electrode 
s 206. 

[0028] If the LOCOS film 1 06 in Fig. 2 is replaced by 
the plurality of shallow trenches shown in Figs. 6A and 
6B, the structure of Figs. 1 and 2 may be such that 
shown in Figs. 7 and 8. Specifically, the wide LOCOS 

10 film 106 disposed between the collector contact regions 
112A and 1 12B is replaced by a pair of shallow trenches 
130A and 130B and a dummy diffused region 132 dis- 
posed therebetween. The top of the dummy diffused 
region 132 is covered by a silicide layer 134 which is 

75 formed during silicification for the base electrode etc. In 
this structure, the dummy diffused regions 132 functions 
as a p-well for electrically isolating the n-wells 1 07A and 
1 07B from each other. 

[0029] In the structure shown in Figs. 7 and B, there 

20 is a possibility that a short-circuit failure occurs between 
the n-wel! 1 07A or 107B and the dummy diffused region 
132 through the silicide layer 134, which fact will be 
understood from the structure shown in Fig. 8. Thus, it 
is important to prevent the short-circuit failure between 

25 the n-well 1 07A or 1 07B and the dummy diffused region 
132 and between the n-wells 107A and 107B. 
[0030] The present inventor conceived the STI 
structure for preventing the short-circuit failure. That is, 
the structure wherein the diffused region disposed 

30 between the first annular diffused region and the sec- 
ond annular diffused region is in contact with the first 
and second annular diffused regions prevents such a 
short-circuit failure even if a silicide layer is formed on 
the annular diffused region. 

35 [0031] In the present invention, the density of the 
convex portions of the silicon substrate is expressed by 
Wx100/S , wherein W is the area for the diffused region 
disposed between the first annular isolation trench and 
the second annular isolation trench, and S is the occu- 

40 pied area for an isolation area, i.e., the area between a 
first annular isolation trench of a first bipolar transistor 
and another first annular isolation trench of adjacent 
transistors. It is preferable that the pattern density have 
a higher value and a preferable pattern density is above 

45 15%. It is also preferable that the gap between adjacent 
two of the annular diffused regions is below 50 u,m. 
[0032] Now, the present invention is more specifi- 
cally described with reference to preferred embodi- 
ments thereof. Figs. 9 and 10 show a semiconductor 

50 device, generally designated by numeral 10, having a 
STI structure according to a first embodiment of the 
present invention. Fig. 10 illustrates a nMOSFET 14, a 
pMOSFET 16 and an NPN bipolar transistor 12, which 
are formed on a common p-type silicon substrate 18. 

55 Fig. 9 illustrates only the device area for the NPN bipolar 
transistor. 

[0033] The STI structure in the semiconductor 
device 10 includes a first annular isolation trench 20a 
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and a second annular isolation trench 20b encircling the 
first annular isolation trench. Each of th annular isola- 
tion trenches has a structure wher in a trench formed 
on the surface region of the silicon substrate is filled 
with an insulator such as Si0 2 . The NPN bipolar transis- 5 
tor 1 2 is formed in a first area encircled by a first annular 
isolation trench 20a, which is encircled by a second 
annular isolation trench 20b. The CMOSFET including 
the nMOSFET and the pMOSFET is formed in a second 
area encircled by the second annular isolation trench w 
20b, with inner isolation trench 30 disposed inside the 
second annular isolation trench 20b. 

[0034] The width of the first and second annular iso- 
lation trenches 20a and 20b is preferably 0.1 to 10 urn 
depending on the layout of the transistor elements in the 15 
chip. 

[0035] The first annular isolation trench 20b for the 
NPN bipolar transistor 12 encircles an n-well or collector 
well 22 constituting the collector region of the NPN tran- 
sistor 12. For the NPN bipolar transistor 12, an annular 20 
p-well 21 is disposed between the first annular isolation 
trench 20a and the second annular isolation trench 20b 
for encircling the collector well 22. The p-well 12 func- 
tions for isolation by forming a p-n junction between the 
same and the collector well 22. The annular p-well 21 25 
has an inner edge defined by the outer edge of the first 
annular isolation trench 20a and an outer edge defined 
by the inner edge of the second annular isolation trench 
20b. 

[0036] The first region for the NPN bipolar transistor 30 
12 defined by the first annular isolation trench 20a 
includes the n-type collector well 22, a p-type intrinsic 
base region 24 disposed on the top portion of the collec- 
tor well 22, an n + -type emitter region 26 disposed on the 
intrinsic base region 24, and a p*-type extrinsic base 35 
region 2B disposed on the intrinsic base region 24 in the 
vicinity of the emitter region 26. 

[0037] The top edge portion of the collector well 22 
is provided with an n + -type collector contact region 32, 
which is electrically isolated from the intrinsic base 40 
region 24, emitter region 26 and extrinsic base region 
28 by an inner annular isolation trench 30 which is encir- 
cled by the first annular isolation trench 20a. 
[0038] The extrinsic base region 28, emitter region 
36 and collector contact region 26 are provided with a 45 
base electrode 34, an emitter electrode 36 and a collec- 
tor electrode 38, respectively. 

[0039] The base electrode 34 and the collector 
electrode 38 are made of silicide such as CoSi 2 orTiSi 2 - 
The emitter electrode 36 has a two-layer structure so 
including a polysilicon film 36a and a silicon oxide film 
36b, and also includes side walls 36c made of Si0 2 
formed on the sides of the two-layer structure. 
[0040] A dummy silicide layer 39 is formed on the 
top of the p-well 21 between the first annular isolation 55 
trench 20a and the second annular isolation trench 20b 
concurrently with the silicide layer for the base electrode 
34 and the collector electrode 38. In a modification, the 
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p-well 21 may have a p + -type top layer, on which the sil- 
icide layer 39 is formed. 

[0041] Each of the nMOSFET 14 and the pMOS- 
FET 1 6 has a known LDD (lightly doped drain) structure 
and is formed in the device area isolated from the 
device area for the NPN bipolar transistor 1 2 by the first 
and second isolation trenchs 20a and 20b. 
[0042] The nMOSFET 1 4 includes a gate electrode 
44 disposed on a p-well 40 with an intervention of a gate 
oxide film 42, and a pair of n + -type source/drain regions 
46 formed in the surface region of the p-weil 40 in the 
vicinity of the gate electrode 44. The gate electrode 44 
has a two-layer structure including a polysilicon film 44a 
and an overlying silicide layer 44b, and includes side 
walls 44c formed on the sides of the two-layer structure. 
A pair of source/drain electrodes 47 made of silicide are 
formed on the source/drain regions 46. 
[0043] The pMOSFET 16 is isolated from the 
nMOSFET 14 by the inner isolation trench 30, and 
includes a gate electrode 50 disposed on an n-well 48 
with an intervention of a gate oxide film 42 and a pair of 
p + -type source/drain regions 52 formed in the surface 
region of the n-well 48 in the vicinity of the gate elec- 
trode 50. 

[0044] The gate electrode 50 has a two layer struc- 
ture including a polysilicon film 50a and an overlying sil- 
icide layer 50b, and includes side walls 50c on the sides 
of the tow-layer structure. A pair of source/drain elec- 
trodes 53 are formed on the respective source/drain 
regions 52. 

[0045] The semiconductor device of the first 
embodiment is fabricated by the process shown in Figs. 
1 1A to 1 1 F. As shown in Fig. 1 1 A, first annular isolation 
trenches 20a, second annular isolation trenches 20b 
and inner isolation trenches 30 are formed on the sur- 
face of the p-type silicon substrate 18, followed by ion 
implantation into the silicon substrate to form a p-well 21 
between the first annular isolation trench 20a and the 
second annular isolation trench 20b, a p-well 40 in the 
device area for the nMOSFET 14, and an n-well 48 in 
the device are for the pMOSFET 1 6. 
[0046] The ion-implantation uses a known high- 
energy implantation technique, wherein phosphorous 
ions (n-type impurities) are introduced at an accelera- 
tion energy of 400 to 800 KeV and a dosage of 1x1 0 13 
to 1x10 14 cm* 2 , and wherein boron ions (p-type impuri- 
ties) are introduced at an acceleration energy of 150 to 
400 KeV and a dosage of 1x10 13 to 1x10 14 cm" 2 . 
[0047] Subsequently, a 2- to 4-nm-thick gate oxide 
film 42 and a 10- to 25-nm-thick polysilicon film 56 are 
consecutively formed on the silicon substrate 18, as 
shown in Fig. 1 1B. In an alternative, an undoped amor- 
phous silicon film or an amorphous silicon film doped 
with phosphorous, arsenic, or boron may be used 
instead of the polysilicon film. 

[0048] Thereafter, the polysilicon film 56 is sub- 
jected to patterning to form gate electrodes 44 and 50, 
followed by self-alignment ion -implantation steps to 
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form n-type diffused regions 46a and p-type diffused 
regions 56a, which are aligned with the gate electrodes 
44 and 50. 

[0049] Subsequently, phosphorous ions are 
implanted at an acceleration energy of 400 to 1000 KeV 
and a dosage of 1 x1 0 13 to 1 x1 0 14 cm" 2 to form an n-well 
22 in the device area for the NPN bipolar transistor 12, 
followed by implantation of boron (B) ions at an acceler- 
ation energy of several hundreds eV to 4 KeV and a 
dosage of 1x10 13 to 5x1 0 14 cm" 2 , or alternatively BF2 at 
an acceleration energy of 1 to 15 KeV and a dosage of 
1x10 13 to 5x1 0 14 cm" 2 , to form an intrinsic base region 
24. 

[0050] Thereafter, as shown in Fig. 1 1 D, a 20- to 
80-nm-thick first LDD oxide film is formed on the entire 
surface of the substrate, followed by patterning thereof 
to form an opening 60 therein for exposing the emitter 
region. Then, a 150- to 300-nrn-thick polysilicon film is 
deposited and a 100- to 200-nm-thick silicon oxide film 
is grown thereon, followed by patterning of the polysili- 
con film 36a and the silicon oxide film 36b to form an 
emitter electrode 36. In an alternative, the polysilicon 
film may be replaced by an un doped amorphous silicon 
film or an amorphous film doped with phosphorous or 
arsenic. 

[0051] Subsequently, a 40- to 100-nm-thick second 
LDD oxide film (not shown) is formed on the entire sur- 
face of the substrate, followed by a known anisotropic 
etching to form side walls 44c and 50c on the sides of 
the gate electrodes 44 and 50, respectively, and side 
walls 36c on the sides of the emitter electrode 36, the 
side walls 44c and 50c of the gate electrodes including 
the first and second LDD oxide films, the side wails 36c 
including the second LDD oxide film. 
[0052] Thereafter, by using consecutive ion-implan- 
tation steps, a heavily doped n-type diffused region 46, 
a heavily doped p-type diffused region 52 and a heavily 
doped p-type diffused region 28 are formed in a self- 
alignment with respect to the side walls 44c, 50c and 
36c. A heavily doped n-type diffused region 32 is also 
formed. Then, a rapid thermal annealing (RTA) step is 
conducted to diffuse the impurities in the polysilicon film 
36a of the emitter electrode 36 toward the emitter region 
to form a heavily doped n-type region right under the 
polysilicon film 36a. 

[0053] After sputtering cobalt (Co) onto the entire 
surface of the substrate to a thickness of 5 to 20 nm, the 
silicon of the substrate and the cobalt are reacted ther- 
ebetween to form a CoSi 2 film, whereby CoSi 2 elec- 
trodes 47, 44a, 53, 50a, 34 and 38 are formed on the 
source/drain regions 46 and gate electrode 44 of the 
nMOSFET 14, source/drain regions and gate electrode 
of the pMOSFET 16, and the extrinsic base region 28 
and collector contact region 32 of the NPN bipolar tran- 
sistor, respectively. 

[0054] In the STI structure of the present embodi- 
ment, the combination of the first and second isolation 
trenches 20a and 20b together with the diffused region 



dispos d therebetween constitutes an isolation area, 
which has a high-density convex portions of the sub- 
strate. Thus, CMP of the isolation area does not gener- 
ate a dishing portion. 

5 [0055] Referring to Figs. 12 and 13, a semiconduc- 
tor device having a STI structure according to a second 
embodiment of the present invention includes a pair of 
NPN bipolar transistors 72A and 72B disposed in sym- 
metry with respect to a plane passing through the 

io center of a p-well 21 . The p-well 21 is disposed for iso- 
lation of the pair of NPN bipolar transistors 72A and 72B 
by forming a p-n junction between the same and the col- 
lector well 22 of each of the NPN bipolar transistors 72A 
and 72B. The configuration of each of the pair of NPN 

15 bipolar transistors 72A and 72B as well as the configu- 
ration of the isolation trenches 20a, 20b and 30 is simi- 
lar to the configuration of those shown in Figs. 9 and 1 0. 
[0056] Referring to Figs. 14 and 15, a semiconduc- 
tor device having a STI structure according to a third 

20 embodiment of the present invention is similar to the 
first embodiment except that a PNP transistor is formed 
in an n-well 82 encircled by a first annular isolation 
trench 76a, and that an inner isolation trench 92 is pro- 
vided for isolation between the p-type collector region 

25 80 and the n-well 82. 

[0057] More specifically, the STI structure includes 
the first annular isolation trench 76a encircling the n- 
well 82, a second annular isolation trench 76b encircling 
the first annular isolation trench 76a, the inner isolation 

30_ trenches 91 and 92. 

[0058] A p-well 79 is disposed between the first 
annular isolation trench 76a and the second annular 
isolation trench 76b for encircling the n-well 82 for isola- 
tion thereof. 

35 [0059] The n-well 82 receives therein the p-type 
collector well 80, an n-type intrinsic base region 84 
formed oh the top of the collector well 80, a p + -type 
emitter region 86 formed on the intrinsic base region 84, 
an n + -type extrinsic base region 8B formed on the infrin- 
ge sic base region 84 adjacent to the emitter region 86, and 
a p + -type collector contact region 90 formed on the top 
periphery of the p-type collector region 80. 
[0060] The collector contact region 90 is isolated 
from the intrinsic base region 84, emitter region 86 and 
45 the extrinsic base region 88 by the inner isolation trench 
91 which resides inside the first annular isolation trench 
76a. The collector region 80 is isolated from the n-well 
82 by the inner isolation trench 92 which resides inside 
the first annular isolation trench 76a. 
so [0061] The extrinsic base region 88, emitter region 
86 and collector contact region 90 are provided with a 
base electrode 93, an emitter electrode 94 and a collec- 
tor electrode 95, respectively. 

[0062] The base electrode 93 and the collector 
55 electrode 95 are made of silicide such as CoSi 2 and 
TiS"^. The emitter electrode 94 has a two-layer structure 
including a polysilicon film 94a and a silicon oxide film 
94b, and includes side walls 94c formed on the sides of 
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the two-layer structure. 

[0063] A silicide film 96 is formed on the top of the 
p-type dummy well 79 between the first annular isolation 
trench 76a and the second annular isolation trench 76b 
concurrently with the silicide film formed on the base s 
electrode 93 and the collector electrode 95. A similar sil- 
icide film 96 is formed on the top of the n-well 82. 
[0064] Referring to Fig. 1 6, a semiconductor device 
having a STI structure according to a fourth embodi- 
ment of the present invention is similar to the first w 
embodiment except for the structure of the isolation 
trenches for the NPN bipolar transistor. 
[0065] More specifically, the semiconductor device 
of the present embodiment includes a first annular iso- 
lation trench 98a for encircling the n-type collector well 15 
of the NPN transistor 12, a second annular isolation 
trench 98b encircling the first annular isolation trench 
98a, and a third annular isolation trench encircling the 
second annular isolation trench 98b. 

[0066] A plurality of first p-type diffused regions 99a 20 
are disposed between the first annular isolation trench 
98a and the second annular isolation trench 98b for col- 
lectively forming an intermittent annular diffused region 
which encircles the collector well. A plurality of second 
p-type diffused regions 99b are disposed between the 25 
second annular isolation trench 98b and the third annu- 
lar isolation trench 98c for collectively forming an inter- 
mittent annular diffused region. The intermittent 
diffused regions 99a and 99b have an isolation function 
by forming a p-n junction between the same and the n- 30 
type collector region. The first p-type diffused regions 
and the second p-type diffused regions are disposed 
alternatively as viewed along the annular diffused 
regions. In other words, any line extending in a radial 
direction, with the emitter region viewed as a center of a 35 
circle, passes inside the first p-type diffused regions 99a 
and/or the second p-type diffused regions 99b without 
fail. 

[0067] In an alternative of the fourth embodiment of 
the present invention, each of the intermittent annular 40 
diffused regions is replaced by a continuous annular dif- 
fused region. In this configuration, the isolation function 
of the isolation area can be improved. 
[0068] Since the above embodiments are described 
only for examples, the present invention is not limited to 45 
the above embodiments and various modifications or 
alterations can be easily made therefrom by those 
skilled in the art without departing from the scope of the 
present invention. 

so 

Claims 

1. A semiconductor device comprising a silicon sub- 
strate (18), and a bipolar transistor (12) having a 
collector well (22) having a first conductivity-type, 55 
an intrinsic base region (24) having a second con- 
ductivity-type and received in said collector well 
(22) and an emitter region (26) having said first con- 
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ductivity-type and received in said intrinsic base 
region (24), a first annular isolation trench (20a) 
encircling said collector well (22), a second annular 
isolation trench (20b) encircling said first annular 
isolation trench (20a), and an annular diffused 
region (21 ) disposed between said first annular iso- 
lation trench (20a) and said second annular isola- 
tion trench (20b) while being in contact with said 
first and second isolation trenches (20a, 20b). 

2. The semiconductor device as defined in claim 1, 
wherein said intrinsic base region (24) and said col- 
lector well (22) are provided with a base electrode 
(34) and a collector electrode (38), and each of said 
base electrode (34), said collector electrode (38) 
and said annular diffused region (21) is provided 
with a silicide layer on top thereof. 

3. The semiconductor device as defined in claim 1, 
further comprising a MOSFET (14, 16). 

4. The semiconductor device as defined in claim 1, 
wherein said annular diffused region includes a first 
intermittent annular sub-region including a plurality 
of first diffused regions (99a) and a second intermit- 
tent annular sub-region including a plurality of sec- 
ond diffused regions (99b), and said first diffused 
regions (99a) and said second diffused regions 
(99b) are arranged alternately along said annular 
diffused region. 

5. The semiconductor device as defined in claim 4, 
further comprising a third annular isolation trench 
(98b) disposed between said first intermittent annu- 
lar region and said second intermittent annular 
region. 

6. The semiconductor device as defined in claim 6, 
wherein said silicon substrate (1 8) has said second 
conductivity-type. 

7. The semiconductor device as defined in claim 6, 
wherein said first conductivity-type is n-type and 
said second conductivity-type is p-type. 

8. The semiconductor device as defined in claim 6, 
wherein said silicon substrate (77) has said first 
conductivity-type, and includes a well (82) having 
said second conductivity-type and receiving therein 
said collector well (80). 

9. The semiconductor device as defined in claim 8, 
wherein said bipolar transistor (12) is a PNP tran- 
sistor. 

10. The semiconductor device as defined in claim 1, 
further comprising a third annular isolation trench 
(98c) encircling said second annular isolation 
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trench (98b), and another annular diffused region 
(99b) disposed between said second annular isola- 
tion trench (98b) and said third annular isolation 
trench (98c) while being in contact with said second 
and third annular isolation trenches (98b, 98c). 
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